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ABSTRACT 
 The article evaluates the energy resources of the components of the environment and the prospects for their use on the 
redistribution with the creation of local zones of cooling and heating. The physical basis of the principle and systems of 
redistribution and transformations of energy resources of environments with coverage of the role of compensation 
processes is given. The use of closed energy circuits with intermediate energy sources, which are subject to phase 
transitions of evaporation and condensation, and data of energy potentials of ambient air, which are practically achievable 
for use on this basis, is proposed. The article shows the advantages of arranging systems for redistribution of thermal 
potentials based on the use of phase transitions of material media. Determination of energy balances of energy 
redistribution systems is carried out with the indication that in the end, such a method is the most energy-efficient. Upon 
completion of technological tasks, local areas with different energy potentials and temperatures degrade in dissipation 
processes and transform to the level of environmental indicators. This means interfering with the environment only at the 
level of energy costs in compensation processes. The article shows the transition to secondary recovery systems of energy 
resources based on the use of primary energy sources in environmental transformations at the levels of increasing their 
energy potentials and providing phase transitions with appropriate mathematical formalizations. A regression analysis of 
the feasibility of using primary energy potentials is given. It is proved that in the heat pump due to the generated 
mechanical energy the heat return at the level of the lost one. The estimation of the general condition of processes at power 
effects is given. The offered air pump and system of realization of a refrigerating cycle are considered. The redistribution of 
energy potentials of natural, forcibly created environments or systems and the synthesis on this basis of powerful heat 
fluxes in combination with advanced control methods, allows you to control their values of thermodynamic parameters. 
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INTRODUCTION 
 The physical parameters of the globe, relating to the 
magnetosphere, atmosphere, lithosphere, and hydrosphere, 
correspond to the conditions of existence of the entire 
biological world and human society. In this definition, the 
energy component is no less important than the material, 
despite its differences from the coordinates, seasons, or 
time of day. After all, even under the harsh conditions of 
the Arctic and Antarctic, the air levels are quite far from 
absolute zero. Moreover, this corresponds to areas of 
human habitation with air temperatures above 0 °C. 
The existence of the Earth's hydrosphere and lithosphere is 
accompanied by energy potentials created by interactions 
on a planetary scale. At the same time, the stabilization of 
the energy balance in this interaction ensures the existence 
of the biosphere under the accepted conditions. From this 
point of view, the authors (Nochnichenko, and Yakhno, 
2020) believe that maintaining this balance or at least strict 
restrictions on its violation are crucial. Therefore, there is 
no alternative to the use of renewable resources and one of 
these areas is the use of technologies for redistribution of 
energy potentials of the environment based on heat pumps, 
air conditioners, refrigeration systems.  
 The properties of heat pumps provide (Matsevity et all., 
2014) their significant use in connection with the 
possibility of transformation of energy potentials in a wide 
range of temperatures. However, the application of applied 
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problems often requires the expansion of these intervals. In 
the global dimension, one-third of energy consumption is 
associated with the industrial sector ultimately consumed 
as heat. 
 
Analysis of model approximations of medium types 
 A significant amount of modern research concerns the 
topic of opportunities for transformations of energy 
potentials. Research (Kosmadakis, 2019) on the prospects 
of recovery of low-temperature thermal waste is devoted to 
assessing the potential of industrial (high-temperature) 
heat pumps for waste heat regeneration (Xu et al., 2019). 
In the paper (Lei Wang et al., 2018) it is presented that the 
expansion of the theoretical base is supplemented by 
experimental studies of the characteristics of the heat 
pump of the triple loop for heat recovery of exhaust air in 
winter. The authors (Hyunjeong et al., 2017) made a clear 
technical addition in search of energy-saving potentials. 
They pointed out that the use of heat pipes on geothermal 
sources is relevant. 
 It should be noted that in the work of the authors (Wang 
et al., 2018) the traditional ways in the technical 
representation of heat transfer processes logically 
supplement by options for heat recovery in drying plants of 
the food industry. 
 The authors (Lim et al., 2019) focused on absorption 
heat pumps in heat flow recovery studies simultaneously 
with the water-saving modification for a cogeneration 
system with a steam-gas combined steam cycle. 
Geothermal heat pumps are recognized as one of the 
promising technologies. According to the authors (Cui et 
al., 2019), attention to this needs a feasibility study due to 
high capital investment and the cost of installation and 
technological support. In experimental researches, the 
problem of the creation of the system of dehumidification 
of fresh air with the use of the heat pumps completed with 
the heat exchangers in which the working surfaces covered 
with a dehumidifier is solved. The research (Bin Hu et al., 
2019) is investigated the centrifugal heat pumps with the 
utilization of the fulfilled heat with considerable thermal 
power and high temperature of water supply. 
 Therefore, the rational use of heat pumps with 
simultaneous heating and cooling of local areas is carried 
out based on exergy analysis. Here, the prototype heat 
pump operates in three main modes. The authors (Paul 
Byrne, and Redouane Ghoubali, 2019) consider these 
regimes quite clearly, who noted that: 
- the first – the heating mode which provides receiving of 
hot water with the use of heat available in ambient air; 
- the second – the mode of cooling of cold water and heat 
removal to ambient air; 
- in the third mode, hot water is supplied due to the heat 
taken away from the cold water. 
 Thus, the authors (Woolley et al., 2018) noted that the 
recovery of industrial thermal waste in a systematic 
approach is assessed at the level of limiting the negative 
effects on the environment. 
 Recent advances in heat pump systems (Guo-Hua Shi et 
al., 2019) involve the direct use of solar radiation, which is 
conducive to the environment through low-temperature 
environmental energy and solar radiation. It is shown that 
the integration of solar evaporators with photoelectric 
energy technologies in combination with thermal storage 
and the use of heat pipes is promising for use in different 
climatic conditions. Thus, thermal systems in which phase 
transitions are carried out with the relative ease of 
regeneration, remain relevant for theoretical and practical 
research. 
 
Scientific Hypothesis  
 Defined in the form of phenomenological analysis of 
thermodynamic efficiency of air heat pump using the 
energy potential of the environment in the heat supply 
system and redistribution of energy resources and 
prospects for use in the food industry. 
 
MATERIAL AND METHODOLOGY 
Samples 
 The system of redistribution and transformations of 
energy resources of environments is considered. 
Theoretical and practical experience of thermodynamics 
specialists has allowed, among other things, to generalize 
the relationship between air heat capacity and temperature. 
Molar heat capacity at р = const, kJ / (kmol • K) is 
represented by the dependencies in the actual value in the 
interval 0-1000 °С: 
 
                       (1) 
 
and on average 
 
.                        (2) 
 
 Numerical values of heat capacities are given in  
Table 1, from which follows the possibility of certain 
comparisons. 
 Estimation of energy potential in 1 m3 of air at a 
temperature of 303 K at a pressure of 1 bar, is: 
 





 Table 1 Heat capacity of air. 
Temperature, °С 
Heat capacity 
Molar, kJ / (kmol • K) Mass, kJ / (kg • K) Volume, kJ / (m3 • K) 
сμр сμv       
0 29.073 20.758 29.073 20.758 1.0036 0.7164 1.2971 0.9261 
100 29.266 20.951 29.152 20.833 1.0061 0.7193 1.3004 0.9295 
200 29.676 21.361 29.299 20.984 1.0115 0.7243 1.3071 0.9362 
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 Cooling this volume of air to 272 K means heat transfer 
Q to the receiver. At the same time, we note that the same 
volume of air at -30 °C or 243 K has a potential of 
315.1953 kJ. Thus, technological opportunities for the 
redistribution of energy potentials open up prospects for 




 Air is a mixture of gases. The composition of the air is 
not constant and varies depending on the area, region, and 
even the number of people around you. Air consists of 
about 78% nitrogen and 21% oxygen, the rest are 
impurities of various compounds. Its chemical formula is 
O2. Under normal conditions (temperature 0 °C, pressure 
101.3 kPa) oxygen is in a gaseous state, with no mass of 
taste, odor, slightly heavier than air. 
 
Instruments  
 The flow temperature at the pump inlet and outlet was 
determined, after which the temperature value was 
averaged. Several thermocouples were used to measure the 
flow temperature in the middle of the pipeline. The data of 
the primary temperature transducers were fed to the ADC, 
converted into a digital signal, and entered into the PC. 
Data registration interval - 10 s. Measurements were 
performed with chromel-kopel thermocouples, measuring 
device brand Expert (manufacturer Ukraine). 
 At regular intervals, the surface temperature t was 
measured. The surface temperature of the module was 
determined by a thermocouple embossed into the surface. 
At regular intervals, the air pressure was measured. 
Measurements were performed with a manovacuummeter 
OBMV1-1006f (manufacturer Ukraine). The value of 
pressure in the tables of properties of water vapor was 
determined by its temperature. 
 The determination of ambient air parameters was done by 
using a psychrometer brand VIT-2 (manufacturer 
Ukraine). There was a registration of air parameters, 
namely its temperature, humidity, moisture content, 
enthalpy. The measurement of these parameters was 
performed using the ADC module "Arduino" and a 
computer. 
 A digital humidity sensor SHT 10 was used to determine 
the parameters of the air coming from the pump. This 
allowed determining with high accuracy the characteristics 
of the air directly in the flow during the experiments. The 
program interface of the ADC converter is made in such a 
way that the change of air parameters from time to time is 
reflected in the form of graphical dependencies in the 
online mode. The use of such a scheme with the use of 
frequency control of the pump drive allowed to quickly 




 The fluid flow simulation was performed using ANSYS 
CFD general-purpose computer software from ANSYS, 
Inc. 
 Software systems allow modeling and calculation of 
liquids and gases, heat and mass transfer processes, 
reacting flows. ANSYS CFD is fully integrated into the 
ANSYS Workbench environment, which is the basis of 
engineering modeling, it integrates all ANSYS tools and 
software. 
 The ANSYS Workbench environment provides general 
access to such tools as: communication with CAD-
complexes, construction, and modification of geometry 
and calculation grid. The software package is widely used 
for modeling processes that take place in pumps, fans, 
compressors, gas, and hydro turbines, etc. The ANSYS 
CFD-Post postprocessor, which is part of the software 
package, can be used to create high-quality animations, 
illustrations, and graphics (Bezbakh et al.,  2009,; Basok, 
and Bazeev, 2017; Nochnichenko, and Yakhno, 2018). 
 Theoretical modeling of conditions of creation and 
reproduction of processes of redistribution of energy 
potentials of environment and recovery of secondary 
resources based on provisions and laws of technical 
thermodynamics is used. 
 The research of the process was carried out according to 
the Box-Benken plan, which allows obtaining the 
maximum amount of objective information about the 
influence of factors with the help of the smallest number of 
experiments. 
 Processing of the obtained experimental data set was 
performed according to well-known methods and 
statistical processing methods to obtain an empirical 
mathematical model: 
 
   
 
using methods of correlation and regression analysis of the 
approximating function, which characterizes the influence 
of factors and their interaction on the optimization 
parameter, ie productivity. 
 Based on the constructed regression equation, the 
contribution of each independent variable to the variation 
of the studied dependent variable is determined, ie the 
influence of factors on the performance indicator. 
 The experimental data set was processed using the 
Statistica-12 software package. The coefficients of the 
regression or approximating function equation, under the 
condition of orthogonality and symmetry of the plan-
matrix of the planned factorial experiment, were 
determined according to the standard method according to 
known dependences. 
  The obtained results were statistically processed using the 
standard Microsoft Office software package. 
 
Desсription of the Experiment  
 Theoretical and experimental research was performed 
fbased on the Problem Research Laboratory of the 
National University of Food Technologies. The study 
consisted of three parts. The first was to assess the energy 
potential of ambient air as the most accessible 
environment. 
( )321Qke x;x;xfQ =
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 This part of the research is the basis for the creation of a 
modern air heat pump ( a patent of Ukraine 17167) with 
the implementation of phenomenological studies relating 
to the redistribution of heat fluxes based on the second law 
of thermodynamics using a closed circulating air circuit. 
 The second part of the study concerns the thermodynamic 
features of achieving phase transitions of water as the main 
filler of food industry environments with the development 
of mathematical formalizations and estimation of energy 
consumption in the processes of heating the liquid phase 
and entropy transformations. 
 The third part is devoted to the implementation of phase 
transitions with the assessment of the energy potentials of 
the secondary pair. This creates a basis for the 
implementation of regenerative processes by increasing the 
pressures and temperatures in the compensation processes 
and subsequent condensation to obtain a liquid phase of 
H2O in closed energy circuits. 
 In this article, we examine the first and second parts of 
the research, which substantiates our further direction of 
theoretically directed mathematical analysis. 
Historically, humanity has received such opportunities 
after the creation of heat engines. In 1852, Lord Kelvin 
proposed new use of the heating machine for space 
heating. Kelvin called such a machine a heat pump, the 
task of which was to cool the cold outside air and transfer 
the received thermal energy at a higher temperature in the 
room. This unnatural process of heat transfer from a cold 
 
                                         a                          b 




                                            
Figure 2 Air heat pump. 
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to a heated environment was carried out through the 
consumption of mechanical work. Each unit of mechanical 
work, brought to the ideal heat pump, before getting into 
the heated room "captured" 5 – 8 units of the heat of the 
outside air. Therefore, 427 k Gm of work at the inlet to the 
heat pump was converted into 6 – 9 kcal of heat at the 
outlet. The same kilocalorie formed by burning a certain 
amount of fuel is not supplemented by anything and 
remains one kilocalorie. 
 Burning some amount of fuel directly, bring in a heated 
room 1 kcal of heat. If the same amount of fuel will be 
burned in a heat engine, then only about 20%, equivalent 
to 85 kGm, will convert into mechanical work. If these 85 
kGm are brought to the heat pump, it will provide 6 times 
more heat to the room, ie 6 • 85 = 510 kGm or 1,2 kcal. 
These ratios indicate the feasibility of using the primary 
energy potentials of the fuel in the circuit "heat engine - 
heat pump". 
 Thus, it is expedient to pay attention to equivalence in 
these thermodynamic transformations. Thus, the value of 
the coefficient of performance of heat engines is difficult 
or impossible to increase by 20%. In the heat pump due to 
the generated mechanical energy, heat returns to the level 
of lost. 
 
The general structure and principle of operation of the 
model of the laboratory installation and the "Air Heat 
Pump" are shown in Figure 1 and Figure 2. The 
laboratory complex allows obtaining the dependence of the 
parameters of the heat pump installation on the 
temperature regimes of the heat supply and air 
conditioning system (Figure. 1 a, Figure 1b). In Figure 1a 
– the software module is given, and in Figure 1b – a 
general view of the laboratory experimental setup. The 
research aimed to establish the optimal parameters of the 
developed heat pump (Figure 2), which consists of a 
compressor 1 with blades 2, guides 3, partition 4, expander 
5, heat exchangers 6 and 7, and a drive motor 8. It works 
as follows. The drive motor 8 provides rotational 
movement of the rotor of the compressor 1 and due to the 
interaction of the airflow with the blades 2 and the guide 
devices, 3 is its compression with increasing temperature. 
This compressed air enters the zone of separation of the 
internal volume of the pump and enters the heat exchanger 
7, through which the external air flow. The latter absorbs 
thermal energy by cooling the compressed air. The cooled 
air is supplied to the expander 5, in which, expanding to a 
given final value of pressure, gives its energy. In this 
process, its temperature drops sharply to a temperature 
well below ambient temperature. Due to this, when in 
contact in the heat exchanger 6 with the flow of external 
air is heat transfer from the latter to the air circulating in a 
closed circuit. In the future, the cycle is repeated, and the 
cooled outside air is sent to further technological needs. 
 Pre-rough control of the compressor shaft speed of the 
compressor of the appropriate diameter was set using 
commands from the motor control panel of the control 
multisystem control and reading device Altivar 71 using 
Power Suite software version 2.3.0. The technical 
capabilities of this device and software allow to smoothly 
change the speed of the motor shaft of the prototype 
laboratory installation in the range from 0 to 1300 rpm. 
The numerical value of the motor shaft speed (error within 
± 1.5%) was recorded using a sensor type E40S6-10Z4-
6L-5, which is connected simultaneously to the rotor of the 
motor and the multisystem device. 
 Numerical data of energy costs and torque on the shaft 
of the electric drive depending on the load at a particular 
time of the experiment is displayed in the form of tabular 
data and graphical dependences on the PC monitor. 
 
Statistical analysis 
 It is worth recalling that a heat pump is an installation that 
converts low-potential natural thermal energy or heat from 
secondary low-temperature energy resources into the 
energy of higher temperature potential, which is already 
suitable for practical use. The transformations take place in 
the reverse thermodynamic cycle, and the transfer of energy 
from the lower temperature level to a higher one is 
performed due to a certain amount of mechanical 
(electrical) energy, which is externally supplied to the heat 
pump compressor and its design. 
 The algorithm for conducting experimental studies of the 
air heat pump, formalized in the form of a  
the structural model scheme is shown in Figure 3. It 
involves determining the functional patterns of influence of 
individual input variables and their impact on the output 
value, or optimization parameter. To verify the adequacy of 
theoretical research (theoretical model) of productivity 
, experimental studies of the model of the laboratory 
installation, which is shown in Figure 1 and Figure 2. To 
obtain an empirical regression equation characterizing the 
change in productivity  depending on the parameters of 
the compressor rotor, implemented a planned three-factor 
experiment such as PFE 33. 
 The total number of experiments e N one repetition was 
determined by the formula: 
    Ne= Pk 
 Where: 
 P  –  the number of levels of variation of the variable input 
factor;  




Figure 3 Scheme of the model of the planned 
experiment of the PFE 33 type. 
Factor x1: 
speed 
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 The experiments were performed in triplicate. The 
asymmetric plan-matrix of the planned three-factor PFE 33-
type Box-Benkin experiment for three factors and three 
levels of factor variation had a total number of experiments 
equal to 27. 
 The independent variables were: the speed of the rotor of 
the compressor nk, which was encoded by the index x1, ie 
nk; the diameter of the rotor of the compressor Dk, which is 
encoded by the index x2, ie Dk; blade pitch T1, encoded by 
the index x3, ie T1. 
 Structural model of a planned three-factor (Krutov, 1989) 
PFE-type experiment 33 shown in Figure 3. 
 Thus, to study the performance of Qke, an approximate 
mathematical model in the form of a functional dependence 
was chosen. 
Qke =fQ (x1; x2; x3). 
  
 When compiling the plan-matrix of experiments, coded 
notations of upper (+1), lower (-1), and zero (0) levels of 
variation by factors were introduced (Krutov, 1989), ie a 
three-factor experiment was performed at three levels of 
variation by input factors or a planned PFE 33 type 
experiment was implemented.  
 The results of coding of variable input factors, the upper 
and lower level of variation of each factor, and the interval 
of its variation are given in Table. 2. 
 Because during the experiments independent variable 
input factors, ie nk are inhomogeneous, ie they all have 
different physical units and different orders of arithmetic 
numerical values of units, they were led to a single system 
of calculations by switching from the entered notation 
coded values to real (natural) values. Made a randomized 
plan matrix of the planned three-factor experiment type 
PFE 33. 
 After estimating the statistical significance of the 
coefficients of the regression equation and checking the 
adequacy of the mathematical model of the logarithmic 
function, we obtained a regression equation that 
characterizes the functional change in productivity in 
natural quantities (Krutov, 1989). 
 
Qke=0.81+0.61ln(nk)+1.33ln(Dk)+0.31ln(T1)   (4) 
 
 With the probability level p = 0.95 and the value of the t-
alpha criterion equal to 2.053, the following statistics were 
obtained: coefficient of multiple determination D = 0.893; 
multiple correlation coefficient R = 0.945; standard 
deviation of the estimate s = 0,150; Fisher's F-test is 64,212. 
The coefficient D is significant with the probability level P 
= 1.00000. The regression equation (4) characterizes the 
change in the performance of the air heat pump depending 
on the design and kinematic parameters within the 
following limits of change of input factors: speed nk (from 
100 to 300 rpm); diameter Dk (from 0.12 to 0.2 m); blade 
pitch T1 (from 0.05 to 0.11 m). The functional change in 
productivity depending on the change in Qke factors is 
directly proportional - with increasing speed, diameter and 
pitch, the value of productivity also increases. 
 According to the regression equation (1), the response 
surface of the functional change in the productivity of Qke 
in the form of a functional is constructed:  
 
Qke= fQ(nk; Dk) (Figure 4, а);  
Qke= fQ (nk;T1) (Figure 4, b);  
 Table 2 The results of coding factors and levels of their variation. 
Factors Marking  Interval of variation 
Levels of variation 




Х1 х1 100 100/-1 200/0 300/+1 
Diameter Dk, 
m Х2 х2 0.04 0.12/-1 0.16/0 0.2/+1 
Step Т1, m Х3 х3 0.03 0.05/-1 0.08/0 0.11/+1 
 
  
(a)     (b)      (c) 
 
Figure 4 Surface response changes in productivity in the form of functionality. 
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Figure 5 The diagram of change of productivity Qke of the heat pump. Note: a, b, с – T1 = 0.05; 0.08 and 0.11 m. 
 
 
Figure 6 Dependence of change in productivity Qe as a functional:а – Qk = fQk (D) , 1, 2, 3 – in accordance, n k= 100; 









The system of driving factors 
 
     System of technical 
organization of technology 
Aero- and hydrodynamic state of 











Limitation of dissipative losses 
in the environment 
Figure 7 Assessment of the general state of processes in energy effects. 
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 The dominant factors that have a significant functional 
impact on the increase in productivity Qke are the speed nk 
and diameter Dk, which is characteristic of the graphical 
interpretation of the response surface, and this is the 
regulation of energy potential, ie temperature. 
Figure 5 represents a diagram of the change in the 
productivity of the Qke heat pump, based on the obtained 
average results of experimental studies with three 
repetitions of each numbered factor field experiment 
according to a randomized plan matrix of the planned 
experiment type PFE 33. 
 Based on the graph-analytical analysis  
(Figure 5) it can be stated that the nature of the functional 
change in the productivity Qke of the heat pump. It is 
obtained for the limit values of the corresponding points of 
the a three-factor experiment type PFE 33 compositional 
plan is quite adequate model Qke =fQ (x1; x2; x3)= Qke =fQ 
(nk; Dk; T1 ),  Figure 4, Figure5, which is also characteristic 
of the dependence, which is shown in Figure 6.  
 The discrepancy between the experimental values of the 
performance Qke of the pump obtained according to the 
regression equation (4) and the experimental values of the 
performance Qk (graphical dependences of  
Figure 7) is in the range of 5 – 10%. 
 
RESULTS AND DISCUSSION 
 This feature of energy transformations is based on the 
second law of thermodynamics with an indication of the 
need to use compensation systems by increasing the 
temperatures and pressures of energy sources in closed 
circuits. 
 An important advantage of the heat pump is that it 
implements "reverse" processes in the modes of heating and 
cooling of the premises as an ideal air conditioner. 
 The technical implementation of heat pumps and 
refrigeration machines based on the Carnot reverse cycle, 
which is the only achievement of humanity in the 
implementation of the principle of energy redistribution in 
existing parallel systems. 
Returning to condition (3) we obtain an estimate of the heat 
flux dissipated from the cooling medium: 
, kW, 
Where: 
 – volumetric flow of the gas phase supplied to the 
evaporator as part of the heat pump, m3 / s;  
, ,  and  – initial and final absolute 
temperatures and temperatures in degrees Celsius. 
 
 Similarly, it is possible to determine the energy potentials 
of the liquid phases of lakes, rivers, seas and oceans, which 
are largely used. 
 The study (Nikitin and Krylov, 2012) estimates the ratio of 
redistribution of energy flows, according to which from 60 to 
70% of energy costs related to the circulating circuits. 
 Understanding this situation in a significant number of cases 
(Mandryka, 2017) prompted attempts to use this energy 
component in favor of energy resources. It should be noted that 
the kinematic parameters of the gas-liquid medium are 
estimated to be approximately stable. Their transfer to the 
regimes characteristic of transitional processes should be 
assessed as a promising direction of intensification of energy 
resources. 
Another direction (Sniegkin et al., 2008) concerns the use 
of secondary energy resources that accompany most 
industrial technologies. Their energy potentials elate to the 
solid and liquid phases of the input raw materials, to which 
the potentials of the vapor phases and gases are added in the 
transformation processes. The latter applies to a significant 
number of technological processes and individual 
complexes. Solving the problems of recovery of secondary 
energy resources is most appropriate to solve in parallel-
synchronized flows. This largely applies to thermal systems 
in which phase transitions are carried out due to the relative 
ease of regeneration in them. 
 In cases of asynchronous situations, there is a need to use 
energy-saving storage devices. However, the positive 
results for parallel system designs are quite achievable even 
in mechanical systems in which transients are generated. In 
this case, in addition to energy effects, it is possible to 
regulate the movement of machines with restrictions on 
total dynamic loads. 
 In the general list of processes that take place in food, 
chemical, microbiological and other technologies, there are 
mechanical, hydraulic, aerodynamic, thermal interactions or 
various combinations of them (Figure 7). Manifestations of 
such interactions are in series and parallel systems with 
corresponding intensive and extensive parameters, based on 
driving factors, aero- and hydrodynamic states of 
environments, heat, and mass transfer surfaces, means of 
increasing energy potentials, energy loss compensators, and 
so on. The technical organization of technologies in general 
and at the level of individual processes require the 
interaction of material, energy, and information flows, the 
task of which is to achieve appropriate technological effects 
related to heating-cooling, evaporation-condensation, 
formation of concentrated media, gas-saturated systems, 
aeration, etc. At the same time, efforts to minimize energy 
costs and limit dissipative losses to the environment at a 
certain level of opportunity in the implementation of these 
provisions remain fundamental. Assessing the general 
condition, we turn to the example of the features of only 
one component of convective heat transfer. 
 During convection, heat is transferred during the mixing 
of cold and warm layers of liquids or gases, and therefore 
this process is inextricably linked with the mechanical 
motion of liquid and gas flows. Their theoretical basis 
relates to the relevant sections of hydro- and aerodynamics, 
but the level of complexity, even for simple cases in 
mathematical formalizations, is so significant in 
combination with thermal processes that it has led to 
limitations in the relevant scientific interests. However, it is 
convection in heat transfer mechanisms in heating systems, 
technological devices, electric drives, brakes, compressors, 
refrigeration units, etc. in terms of significance that led to 
the development and solution of applied problems. 
 Most of them concern the determination of heat transfer 
coefficients, which may depend on the thermal conductivity 
of the media, viscosity, density, heat capacity, kinematic 
parameters, and geometry of the media volumes. The 
effects of all these parameters are combined by the 
phenomenon of the boundary layer. The imaginary shirt 
creates the main barrier to heat transfer, which barriers that 
most effectively overcome in the modes of phase transitions 
( ) ( )( ) ( ) ( )( )кпpкпp ttvсТТvсQ -¢=-¢=¢
v¢
( )пТ ( )кТ ( )пt ( )кt
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of boiling and condensation due to the activation of heat 
transfer coefficients. An additional positive effect of the 
phase transition concerns the production of a coolant with a 
thermodynamic parameter supplemented by the heat of 
vaporization. 
 Phase transitions open additional possibilities of 
transformation of parameters of pressure and temperatures 
that allow overcome natural prohibitions which features are 
formulated by the second law of thermodynamics. In the 
classical definition, this is achieved by supplementing the 
closed or partially closed circuits with a compensatory 
process of mechanical compression or the introduction of 
additional thermal potential with increasing pressure and 
temperature of the coolant circuit. As a result, such 
transformations in the reversed Carnot cycle, it is possible 
to transfer heat from less heated media and bodies to more 
heated ones, and the purpose of such transformations may 
relate to the problem of cooling (heating) the local zone. In 
the first case there is a use of the refrigerating machine, and 
in the second - the heat pump. 
 However, in addition to information on the creation of 
Lord Kelvin air heat pump with the transformation of 
energy potentials of air flows due to the relationship 
between pressure and temperature, we note the 
consequences of continuing attempts to create their modern 
structures, which we consider in this paper. 
 This applies to the development of the patent of Ukraine 
17167 "Air heat pump" (Figure 2). 
 The creation of initial energy potentials in such systems is 
carried out using primary energy sources. The latter in most 
cases relate to the resources of the generated vapor phase, 
electricity, energy of hydraulic systems, compressed air 
systems, or chemical energy of incoming raw materials. 
The presence of the latter is a constant factor in any 
technology, according to which the energy potential of 
recycled raw materials should be preserved as much as 
possible. However, the appropriate set of energy-material 
transformations provide by the influences of external 
energy flows due to which the set temperatures of 
technological processing of environments are reached. It 
can be carried out without achieving the modes of phase 
transitions or with their implementation. Consider the 
transformation of the energy potentials of airflows due to 
the relationships between the design parameters of the 
pump and the process. 
 
 System of realization of energy potentials 
 The potential of devices for increase of energy efficiency 
and intensification of processes of a mode of phase 
transitions and generation of steam, gas phase, or steam-gas 
mixes is high enough. Development of new designs of heat 
exchangers, evaporators, the definition of rational modes of 
their operation is possible only based on the data received at 
comprehensive researches of the processes proceeding in 
devices. 
 It is expedient to refer to the peculiarities of the cycles of 
refrigeration units or heat pumps from the point of view of 
creating analogies for systems of industrial devices in 
which there are modes of phase transitions and generation 
of steam, gas phase, or steam-gas mixtures. The existence 
of a closed circuit in the refrigeration cycle involves the 
combination of an evaporator as a steam phase generator 
(Figure 8), a compressor, a condenser, and a choke 
operating in synchronized parallel modes with the 
appropriate thermodynamic parameters. 
 In the closed circulation circuit A of the refrigerant, phase 
transitions occur due to the supply of heat flow q0 from the 
cooling zone with circuit B and the removal of heat flow qk 
from the condenser in circuit C. Depending on the 
technological tasks, circuits B and C can be closed or open. 
 This leads to the conclusion that the total energy balance 
of circuit A is supplemented by the energy consumption 
 of compressor 2, which meets the condition: 
,   (6) 
and the whole system in balance calculations must take into 
account power consumption in the circuits B and C. The 
decision of technical problems is achieved in one of the 
circuits B or C, or both simultaneously. It is important that 
the arrangement of energy-material connections of circuits 
B and C following the evaporator and condenser can be 
realized due to convective air flows of the medium, which 
are formed in response to the existence of a gravitational 
field. This solution is present in the installation of most 
domestic and industrial refrigeration systems and systems. 
 Cooling and heating zones can exist as local, but in cases 
where they are open, it means that they are interconnected 
through the environment, and technical systems of 
refrigeration systems, heat pumps, and air conditioners act 
as programmable energy redistributors. Important is the 
ratio of the potentials of the synthesized energy flows in the 
direction from zone B to zone C and the potential of the 
compensation processes, which can be up to 5 – 10 units. 
This means the possibility of creating powerful energy-
intensive systems using compensatory processes, the 
limited structure of which is the ultimate negative result of 




















Figure 8 System of realization of a refrigerating cycle: 
1 – the evaporator; 2 – compressor; 3 – capacitor;  
4 – throttle; 5 – fan. 
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the synthesized heat fluxes at the end of technological 
processes are dissipated with the equalization of 
temperatures following the law of the most probable state. 
To prevent further negative effects on the environment the 
power supply of the electric drive of the compressor-
compensator deserves attention. The use of modern systems 
for the transformation of world energy into electricity in 
such cases would practically solve the  
problems of energy security in a maximum way. 
 
Thermodynamic analysis of energy resources.  
 A scientifically based analysis of energy processes is 
essential for an active energy-saving policy. Modern laws 
of thermodynamics (Annex 49 summary report IEA 
ECBCS. –Fraunhofer IBR. -2011) include the study of the 
properties of energy in its transformations in two 
approaches to efficient use: energy and exergy. Such 
approaches involve the use of two thermodynamic 
characteristics of energy - quantity and quality: quantity - in 
energy, both - in exergy. 
 
 Thus, the authors (Kudelya, and Dubovskyi, 2020) 
consider the possibility of obtaining work when the 
characteristics of the system (pressure, temperature, 
velocity, chemical composition, and potential energy of the 
system) differ from the characteristics of the state 
















in balance and calm concerning each other. 
 The magnitude of the work, as a quantitative measure of 
energy quality, is included in the equation of energy 
balance (First law of thermodynamics), and the condition of 
convertibility S gene ≥0 - in the equation of entropy balance 
(Second law of thermodynamics). Therefore, the authors 
(Ebrahimi, 2012) propose the use of low-potential heat in 
optimizing the generation of electricity taking into account 
the depth temperatures and heat exchange of wells with side 
rocks. In this case, the Rankine cycle was chosen as the 
theoretical basis for the calculation of a heat engine with 
distributed parameters. 
 The calculation of authors (Domschkea, 2017) based on 
the total energy consumption for main gas transportation for 
a multi-threaded network, which includes compressor 
stations, heat exchange areas with the environment, bridges, 
and branches 
 Modeling and optimization of gas flow through the 
pipeline network by the authors (Domschkea, 2017) used a 
hierarchical model based on one-dimensional isothermal 
Euler equations of fluid dynamics. Therefore, in the works 
(Liu, et al., 2017; Orga, et al., 2017; Pouladi, 2017) based 
on the analysis of the topological structure of the heating 
network, its hydraulic and thermodynamic parameters, a 
method of counting the heat flow of the network was 
developed. Taking into account the external heat inflow in 
the sections of pipelines minimizes the total heat 
consumption and improves the management of 
technological processes. 
 Based on the above, the physical state of the system is 
determined by the values of two variables out of three, 
namely pressure, volume, and temperature.  
 It is known that the physical state of the system is 
determined by the values of two variables out of three, 
namely pressure, volume, and temperature. There is a 
functional connection between these three parameters. In 
what follows, we will consider the pressure p and the 
volume v as independent variables, and then we will display 
this relationship in the form: 
.                                                           (7) 
 The set of values of p and v determines the position of a 
point on the plane p-v. Each such point corresponds to a 
certain value of temperature T (Figure 9).  
Differential  
                             (8) 
is a complete differential. By changing the state of the 
system from the parameters at point A to the parameters of 
point B, the temperature at point B can be determined in the 
form: 
.                                 (9) 
Determining the values of the work performed by 
the system as a result of changing its state during the 
transition of parameters from point A to point B and, 
considering the process inverse, we reflect the dependence: 
.                                                (10) 
 The graphical interpretation of the given integral is the 
plane under the transition curve on the p-v diagram. Since 
the transition from point A to point B can be done with 
different trajectories, it means that these areas will be 
different. Their area is to some extent determined by the 
design parameters and speed of the drive. It follows that the 
value of W depends on not only the coordinates of points A 
and B, but also on the selected transition trajectories. It is 
logical to assume that the amount of heat perceived in this 
transition of the system also depends on that, but the difference 
between the amount of perceived heat Q and energy W does 
not depend on the shape of the transition trajectory. The 
conclusion about the constancy of the difference Q – W, which 
corresponds only to the state of the system at points A and B, 
indicates a change in the internal energy u: 
. (11) 
In another form, expression (11) has the form: 
. (12) 
 For the case of a closed trajectory from point A we obtain 
































Figure 9. Dependence of p = p (v) in 
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 The written curvilinear integral is called the circulation 
and is denoted by a symbol  
Where: 
  – closed curve. 
 Bringing the heat flux Q to the medium means 
corresponding changes in the value of entropy. The latter is 
determined only by the variables that characterize the 
physical state of the system, and in the transition from point 





 – the amount of heat passing through the system 
boundaries during the reverse process. 
 
 In the elementary process we have: 
;     . (15) 




in which there are point functions and complete 
differentials. 
Integration (16) leads to the value of u as a 
function of the variables s and v in the form: 
, (17) 
or, disclosing condition (17), write: 
, (18) 
and by comparison with condition (16) we obtain: 
.               (19) 
 
 If condition (19) is known for a mass of any homogeneous 
liquid, then the parameters T, p and u can be calculated for 
any physical state of the medium, which is determined by 
the independent variables s and v. Therefore, the 
performance of the heat pump sets the value of the internal 
energy u of the process. 
 
 
Methods for determining the temperature field of a low 
potential energy source 
 The paper (Oosterkamp,  Ytrehus,  and Galtunget, 
2016) is aimed at analyzing the influence of extreme 
temperature conditions on heat transfer between a low-
potential energy source of soil massifs and an underground 
pipeline. One- and two-dimensional models were used to 
calculate thermal conductivity. It is shown that the accuracy 
of soil temperature forecasting deteriorates when using air 
temperatures to assess the marginal condition of the soil 
surface. It is proposed to take into account the effect of heat 
accumulation, as well as the actual temperature of the gas in 
the pipeline for more accurate efficiency of heat transfer 
prediction. 
Therefore, the calculation of the temperature field of a low-
potential energy source in the zone of influence of the 
compressor rotor diameter and the blade pitch reduced to 
solving the equation of nonstationary thermal conductivity. 
 In a cylindrical coordinate system characteristic of a heat 




















t – the ambient temperature, °C;  
τ – hour, s;  
a – thermal conductivity, m2/s; 
 r is the radial coordinate, m;  
θ is the polar angle (the angle between the radius vector r 
and the x axis). 
 
 This is a three-dimensional problem, but given the shape 
and length of the rotor relative to the radius of impact, as 
well as the heterogeneity of the blades, it can be reduced to 
two-dimensional with a sufficient degree of accuracy. For 
this problem statement, taking into account the symmetry of 
the temperature field, it is proposed to make a simplified 













rр – average rotor radius, m; 
rк – radius of the contour of influence, m. 
 
 Simplifying the task by switching from a three-
dimensional to a two-dimensional model eliminates heat 
flow along the rotor axis. However, the heat flow in the 
vertical direction, despite its small orders, must be taken 
into account due to its continuity in time, even when the 
heat pump is stopped. To solve the problem, we introduce 
an amendment that compensates for bulk sources and heat 
fluxes (environment). Then equation (2.2) will take the 















   
  
Where: 
t – ambient temperature, °C;  
r – time, s; 
 a – thermal conductivity, m2 /s; 
 r – is the radial coordinate, m;  
qv-sources and heat runoff due to heat fluxes of the 
environment and heat release through the surface, W / m3;  
c – heat capacity, J / (m3 • °C). 
 
 The paper (Biletsky, 2013) presents the concept of 
calculating the mode parameters of gas transportation 
through the network of gas wells, and the authors 
(Romaniuk, et al., 2019) reveal the features of calculating 
electricity losses in systems. The heat exchange between 
the transported gas and the external environment at each of 
the sections of the pipeline network is not taken into 
account. The problem of cork and hydrate formation in the 
pipeline is not considered. The calculation of electricity 
losses does not fully reflect the effects of the external 
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 Therefore, the set of factors: background temperature of 
low potential energy source (tfon, °C), ambient temperature, 
heat runoff (qv, W), thermophysical characteristics, the 
intensity of incident solar radiation, are the basic data in the 
calculations. The set of factors: background temperature of 
low potential energy source (tfon, °C), ambient temperature, 
heat runoff (qv, W), thermophysical characteristics, the 
intensity of incident solar radiation, are the basic data in the 
calculations. 
 Execution of the technical and economic analysis is 
reduced to the definition of the temperature of the heat 
carrier selected from the heat pump that in turn, is defined 
by the created temperature. The second feature is the need 
to assess the operating conditions of the heat pump in the 
worst, in terms of the coefficient of thermal transformation, 
conditions. This corresponds to the time period of 
completion of the heating (cooling) cycle. 
 The known similarity criteria do not fully reflect the 
studied phenomena, in connection with which the following 
dimensionless complexes are proposed in the research 
work: relative heat flux (Q), modified dimensionless 
temperature (Θ), and criterion Fo. 
 The temperature field of a low-potential energy source is 
described by a dimensionless function (Rudenko, 2012) 
with three dimensionless parameters: 
 
 f = (Fo, Θ, Q),      (1) 
 Where: 
Fo –Fourier criterion,  
Θ – dimensionless temperature,  
Q – relative heat flux. 
  
 Considering the active load on the rotor with blades, 
which perturbs the temperature field factor, we propose to 
introduce the relative heat flux (Q), which is accepted in the 
research work to calculate the formula: 
 𝑄 = 𝑔*+/𝑔,-*                 
 (2) 
Where: 
q na – specific heat flux per unit area of the rotating rotor 
with blades, heat load on the pump in a certain period of 
operation, W / m2; 
qfon – background heat flux (specific, per unit area of the 
environment), W / m2 
 
 The operating parameters of the heat pump depend on the 
difference between the generated temperature and the 
ambient temperature. 
The Fo criterion was formed by a known formula (Lykov, 
1967). The determining size is proposed to take the radius 
of the rotor:  
F0	=+	#$"! ,  
Where: 
а - thermal conductivity coefficient equal to а =λ/сρ m2/s; 
 λ - thermal conductivity, W / m ˚С; 
 ρ – air density, kg / m3; 
 сp - heat capacity of air, J / (kg × °С);  
τ - characteristic time of change of external conditions, s; rр 
- characteristic body size (rotor radius), m. 
 
 The complex nature of the mutual influence of the 
defining parameters does not allow to formalize an 
unambiguous solution, in connection with which the 
traditional approach to the type of criterion equation as a 
static dependence is used. The generalizing equation for 
single-stream operation can be described as a regression: 
	𝜃 = к%𝐹/0Q+𝑘0𝑄𝐹/….+𝑘*𝐹/𝑄 
 
Where: 
k1,2 ... n – determining factors. 
 
 The results of the calculations are well approximated by 
second-order polynomials. Applying the methods of 
statistical processing, the criterion equation is obtained: 
 𝜃 = −5	1012𝑄𝐹/0 + 2	1013𝐹/𝑄 + 0.0003	𝑄 + 5.1       
 
 The results of the calculation of the temperature at the 
outlet of the partition as a function of the defining 
parameters in the dimensionless form are presented in 
Figure 10 (Saprykina, 2016). This allows you to predict 
the temperature change of a low-potential energy source 
operating in the cyclic (seasonal) mode without reversing 








Figure 10 The results of the calculation of the function from the defining parameters. 
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CONCLUSION 
 The process of supplying and discharging heat to a low-
potential energy source is a function of time and space. The 
temperature field is formed by the design parameters of the 
pump. Analysis of performance data and these formed 
temperature fields showed the predominance of heat flux in 
the radial direction and a small amount of heat flux in the 
axial direction. Nevertheless, due to the design, the 
formation of heat flow and heat dissipation from the circuit 
are stabilizing factors that provide a quasi-stationary state. 
 The phenomenological analysis of the materials given in 
researches allows noting perspective directions of use of the 
closed power circuits in the following list: 
- Technologies of redistribution of energy potentials 
of the environment based on heat pumps, 
refrigeration units, and air conditioners; 
- Recuperative transformations of heat fluxes of 
industrial environments based on thermodynamic 
connections between pressures and temperatures 
of gas and steam phases; 
- Technologies of creation and transformations of 
steam, gas, and steam-gas streams with the 
application of modes of adiabatic phase 
transitions; 
- Creation of technologies based on use of dynamic 
systems in which continuous processes of heating, 
endurance, and cooling of streams of environments 
for use of primary potentials in the closed system 
without initial streams with the subsequent 
compensation of losses in the environment with 
the subsequent transition to dynamic modes are 
realized; 
- In cooling systems of environments in large 
volumes of technological devices based on the use 
of cooling jackets or external heat exchangers, an 
important disadvantage is the gradual reduction of 
temperature differences on heat exchange surfaces 
and restrictions on heat recovery. Avoidance of 
such shortcomings is associated with the transition 
to a dynamic system with constant temperature 
differences. 
 According to the results of theoretical and experimental 
studies, taking into account thermodynamic analysis, the 
temperature field of a potential energy source, the main 
rational parameters of the heat pump rotor are set. So, diameter 
- 0.2 m; step of the first turn of the blade - 0.11 m; step 
increment - 0.03 m; the number of blades that are installed 




Basok, B. I., Bazeev, E. T. 2017. Priority of increase of 
energy efficiency in Ukraine. Industrial Heat Engineering, vol. 
39, no. 4, p. 61-68. https://doi.org/10.31472/ihe.4.2017.09  
Bezbakh, I. V., Omar, S. A., Donkoglov, V. I. 2009. 
Investigation of thermosyphon operation in the processing of 
dispersed and viscous food media. Probleme energeticii 
regionale, vol. 9, no. 1., p. 73-80. 
Biletsky, V. Fundamentals of highly loaded coal-water 
slurries / V. Biletsky, P. Sergeyev, O. Krut // CRC Press 
Taylor & Francis Group, London, UK. A Balkema Book. – 
2013. p. 105-114.  
Byrne, P., Ghoubali, R. 2019. Exergy analysis of heat pumps 
for simultaneous heating and cooling. Applied Thermal 
Engineering, vol. 149, p. 414-424. 
https://doi.org/10.1016/j.applthermaleng.2018.12.069 
Cui, Y., Zhu, J., Twaha, S., Chu, J., Bai, H., Huang, K., 
Chen, X., Zoras, S., Soleimani, Z. 2019. Techno-economic 
assessment of the horizontal geothermal heat pump systems: A 
comprehensive review. Energy Conversion and Management, 
vol. 191, p. 208-236. 
https://doi.org/10.1016/j.enconman.2019.04.018 
Domschkea, P. 2017. Adaptive Refinement Strategies for the 
Simulation of Gas Flow in Networks using a Model Hierarchy 
/ P. Domschkea, A. Duac, Jeroen J. Stolwijkc, J. Langa, V. 
Mehrmannc // Numerical Analysis. – 2017. – February 1. 21 p. 
Available at: https://arxiv.org/abs/1701.09031  
Ebrahimi, M., Torshizi, S. E. M. 2012. Optimization of 
power generation from a set of low-temperature abandoned gas 
wells, using organic Rankine cycle. Journal of Renewable and 
Sustainable Energy, vol. 4, no. 6, 063133. 
https://doi.org/10.1063/1.4768812  
Hu, B., Xu, S., Wang, R. Z., Liu, H., Han, L., Zhang, Z., Li, 
H. 2019. Investigation on advanced heat pump systems with 
improved energy efficiency. Energy Conversion and 
Management, 192, 161-170. 
https://doi.org/10.1016/j.enconman.2019.04.031  
Kosmadakis, G. 2019. Estimating the potential of industrial 
(high-temperature) heat pumps for exploiting waste heat in EU 
industries. Applied Thermal Engineering, 156, 287-298. 
https://doi.org/10.1016/j.applthermaleng.2019.04.082  
Krutov, V. I., Popov, V. V. 1989. Fundamentals of scientific 
research: Moskva: Vysshaia shkola. 363 p. 
Kudelya K., Dubovskyi S. 2020. Energy and exergy 
approaches to the problem of rational energy use Sustainable 
Energy Technologies and Assessments, vol. 2, p. 7-16.  
Lim, H., Kim, C., Cho, Y., Kim, M. 2017. Energy saving 
potentials from the application of heat pipes on geothermal 
heat pump system. Applied Thermal Engineering, vol. 126, 
1191-1198. 
https://doi.org/10.1016/j.applthermaleng.2017.04.086  
Liu, S., Dai, S., Ding, Q., Hu, L., Wang, Q. 2017. Fast 
Calculation Method of Energy Flow for Combined Electro-
Thermal System and Its Application. Energy and Power 
Engineering, vol. 09, no. 04, p. 376-389. 
https://doi.org/10.4236/epe.2017.94b043 
Lykov, A. V. 1967. Thermal Conductivity Theory: A Study 
Guide. – M.: Vysshaia shkola. 600 p. 
Mandryka, A. 2017. Efficiency of Municipal Heat Supply by 
Using Heat Pumps Mechanism of Economic Regulation, vo 4., 
p. 201-210.  
Matsevity, Yu. M., Chirkin, N. B. Klepanda A. S. 2014. 
About the use of heat pumps in the world and what hinders 
their large-scale use in Ukraine. Energy saving, Energy, 
Energy audit, no. 2. p. 2-17. 
NIBE, 2016. Calculation of heat pump efficiency NIBE [E-
source]. Available at: 
http://nibe.com.ru/calcylyator_teplovoi_nasos  (application 
date: 25.06.2016). 
Nikitin, A. A., Krylov, V. A., Uliublenciv, A. S. 2012. 
Calculation of a geothermal heat exchanger in the ELCUT 
program. Collection of scientific works. II International 
Scientific and Technical Conference "Modern methods and 
tools for research of thermophysical properties of substances". 
- SPb .: NDU ITMO. P. 191-196. 
Nochnichenko, I. V., Yahno, O. M. 2018. Applying of 
Transfer Effect and Information Entropy to Analyze the 
Magneto-Rheology Shock Absorber. Research Bulletin of the 
Potravinarstvo Slovak Journal of Food Sciences 
Volume 15 693  2021 
National Technical University of Ukraine “Kyiv Politechnic 
Institute,” 0 (4), 54-62. https://doi.org/10.20535/1810-
0546.2018.4.141241 
Nochnichenko, I., Yakhno, O. 2020. Information and energy 
approach to solving problems of hydrodynamics and 
mechatronics in energy transfer processes. Mechanics and 
Advanced Technologies, vol. 88, no. 1, p. 38-48. 
https://doi.org/10.20535/2521-1943.2020.88.195505J.F    
Oosterkamp, A., Ytrehus, T., Galtung, S. T. 2016. Effect of 
the choice of boundary conditions on modelling ambient to soil 
heat transfer near a buried pipeline. Applied Thermal 
Engineering, vol. 100, p. 367-377. 
https://doi.org/10.1016/j.applthermaleng.2016.01.057 
Orga, A. C., Obibuenyi, J. I., Nwozuzu, M. 2017. An 
Offshore Natural Gas Transmission Pipeline Model and 
Analysis for the Prediction and Detection of 
Condensate/Hydrate Formation Conditions. IOSR Journal of 
Applied Chemistry, vol. 10, no. 03, p. 33-39. 
https://doi.org/10.9790/5736-1003013339  
Pouladi, N., Heitmann, H. 2017. REMOVED: Simulation of 
steady flow of natural gas in a subsea flexible riser with heat 
exchange. Journal of Natural Gas Science and Engineering, 
vol. 46, p. 533-543. 
https://doi.org/10.1016/j.jngse.2017.08.012 
Romaniuk, Yu. F., Solomchak, O. V., Nykolyn, P. M., 
Nykolyn, U. M. 2019. Peculiarities of electric power loss 
calculation in power supply systems with compensating 
devices. Naukovyi Visnyk Natsionalnoho Hirnychoho 
Universytetu, vol. 5. https://doi.org/10.29202/nvngu/2019-5/15 
Rudenko, N. N. 2012. Features of forecasting the efficiency 
of the heat pump. Engineering Bulletin of the Don, vol. 4., p. 1. 
Available at: 
http://www.ivdon.ru/magazine/archive/n4p1y2012/1129  
Saprykina, N. Yu. 2016. Formulation of the problem of 
modeling the temperature field of a soil massif during the 
proper operation of the heat pump. Visnyk SGASU. Urban 
planning and architecture: scientific and technical journal, 
vol. 24, no. 3, p. 25-30. 
https://doi.org/10.17673/Vestnik.2016.03.4    
Shenk, A. 1985. General methods of planning and 
conducting experiments: transl. from English. Moskva: Kolos. 
185 p.  
Shi, G.-H., Aye, L., Li, D., Du, X.-J. 2019. Recent advances 
in direct expansion solar assisted heat pump systems: A 
review. Renewable and Sustainable Energy Reviews, vol. 109, 
349-366. https://doi.org/10.1016/j.rser.2019.04.044 
Sniegkin, Yu. F.,  Chalaev, D. M., Chalaev, V. S., Sharvin, 
V. S., Dabizha, N. O. 2008. Heat pumps in heat and cold 
supply systems : a monograph. K.: Polagraph-Servis. 104 p. 
Wang, J. F., Brown, C., Cleland, D. J. 2018. Heat pump heat 
recovery options for food industry dryers. International 
Journal of Refrigeration, vol. 86, p. 48-55. 
https://doi.org/10.1016/j.ijrefrig.2017.11.028  
Wang, L., Ma, G., Ma, A., Zhou, F., Li, F. 2018. 
Experimental study on the characteristics of triplex loop heat 
pump for exhaust air heat recovery in winter. Energy 
Conversion and Management, vol. 176, p. 384-392. 
https://doi.org/10.1016/j.enconman.2018.09.052  IEA 
ECBCS, 2011. Low exergy systems for high-performance 
buildings and communities. Annex 49 summary report IEA 
ECBCS. –Fraunhofer IBR. -2011. Available at: www. 
annex49.com.  
Woolley, E., Luo, Y., Simeone, A. 2018. Industrial waste 
heat recovery: A systematic approach. Sustainable Energy 
Technologies and Assessments, vol. 29, 50-59. 
https://doi.org/10.1016/j.seta.2018.07.001  
Xu, Z. Y., Wang, R. Z., Yang, C. 2019. Perspectives for low-
temperature waste heat recovery. Energy, VOL. 176, P. 1037-
1043. https://doi.org/10.1016/j.energy.2019.04.001  
Zerkalov, D. V. 2012 Energy saving in Ukraine : 
Monograph. Kyiv, Ukraine : Osnova. 582 p.  
Zhang, H., Zhao, H., Li, Z. 2019. Waste heat recovery and 
water-saving modification for a water-cooled gas-steam 
combined cycle cogeneration system with absorption heat 
pump. Energy Conversion and Management, vol. 180, 1129-
1138. https://doi.org/10.1016/j.enconman.2018.11.051 
 




Conflict of Interest: The authors declare no conflict of 
interest.  
 
Ethical Statement: This article does not contain any 
studies that would require an ethical statement. 
 
Contact address:  
 *Igor Stadnyk, Ternopil Ivan Puluj National Technical 
University, Department of Food Biotechnology and 
Chemistry, Ukraine, Ternopil 46001, Hohol str. 6, Tel.: 
+380975454829,  
E-mail: igorstadnykk@gmail.com   
ORCID: https://orcid.org/0000-0003-4126-3256   
 Anatoly Sokolenko, University of Food Technologies, 
Department of Mechatronics and Packaging Technics 
National, Ukraine,  Kyiv, 01601, Volodymyrska str., 68. 
Tel.:+38 097-596-05-35, 
E-mail: mif63@i.ua  
ORSID: http://orcid.org/0000-0002-1360-9945 
 Volodymyr Piddubnuy, Kyiv National University  of 
Trade and Economics, Faculty of Biotechnology and Food 
Sciences, Department of Technologies and Organization of 
Restaurant Business, Ukraine, Kyiv 02156, Kyoto str. 19, 
Tel.: +380674017096,   
E-mail: a.poddubnaya@i.ua  
ORCID: https://orcid.org/0000-0002-1497-7133    
 Kostiantyn Vasylkivsky, University of Food 
Technologies, Department of Mechatronics and Packaging 
Technics National, Ukraine, Kyiv, 01601, Volodymyrska 
str., 68., Tel.: +38097-661-88-51, 
E-mail: vasilkivski@voliacable.com 
ORSID: http://orcid.org/0000-0002-5843-9177  
 Andrii Chahaida, Zhytomyr Polytechnic State University, 
Department of tourism and hotel and restaurant business, 
Ukraine, Zhytomyr, 10005, Chudnivska str., 103, Tel.:+38 
096-988-99-24, 
E-mail: andrey11081968@ukr.net 
ORCID ID: 0000-0003-1826-9545 
 Viktor Fedoriv, Podillia State University, Department of 
Food Production Technologies and Food Standardization, 
Kamianets-Podilskyi, 32316 Shevchenka  Str., 13, Ukraine, 
Tel .:+38 067-293-48-47, 
Е-mail: fedoriv55@ukr.net  
ORCID: https://orcid.org/0000-0002-4499-0910 
 
